Asynchrony in the expression of guanosine 3':5'-phosphate-dependent protein kinase by clusters of Purkinje cells during the perinatal development of rat cerebellum.
The early maturation of Purkinje cells was studied by immunocytochemistry in the rat cerebellum. The antiserum against guanosine 3':5'-phosphate-dependent protein kinase used in this study has been shown previously to label specifically all Purkinje cells in the adult rat. Immunoreactive Purkinje cells are first observed at embryonic day 17, 2 days after the end of proliferation of this neuronal population. At this time, most of the labeled cells are situated in the subventricular zone, although some immunoreactive Purkinje cells have already reached the cortex. Between embryonic day 17 and birth, four clusters of immunoreactive Purkinje cells appear in each hemicerebellum. Their time course and their pathways of migration to the cortex were followed. The immunoreactive clusters are tailed by a fibre-like immunostained material. The pattern of the migrating clusters at embryonic day 19 is very similar to the pattern of the corticonuclear projection observed at birth. From comparison between sections of embryos processed either for immunocytochemistry or Cresyl Violet staining, it appears that all the Purkinje cells are not immunoreactive. Positive and negative clusters of Purkinje cells are sharply delineated, their cells never mix. Immunopositive and negative clusters of Purkinje cells coexist until postnatal day 3. However, from birth onwards, negative clusters begin progressively in a caudorostral sequence to express guanosine 3':5'-phosphate-dependent protein kinase and rapidly attain the same level of immunoreactivity as previously labeled clusters. From postnatal day 5 all the Purkinje cells are immunoreactive. It is concluded that a compartmentalization of the cerebellar cortex is present very early and is evidenced by differences in the biochemical maturation of Purkinje cells. The axons of Purkinje cells reach the deep nuclei, following the same pathways as the clusters of Purkinje cells migrating to the cortex. Therefore, the mechanisms regulating the selection of the migratory routes followed by each Purkinje cell cluster are essential for the achievement of the topography of the corticonuclear projection. The level of protein kinase immunoreactivity cannot be taken as an index of the overall maturation of Purkinje cells, because it does not always coincide with the expression of other makers of biochemical and morphological differentiation of these neurons. During the early establishment of the cerebellar maps, an asynchrony in the expression of parts of the same genotype in the Purkinje cells may help in the establishment of ordered connections.